Headspace solid-phase microextraction (HS-SPME), ultrasonic solvent extraction (USE) and solid phase extraction (SPE), followed by GC-FID/MS were used for screening of dandelion (Taraxacum officinale Weber) honey headspace, volatiles and semi-volatiles. The obtained results constitute a breakthrough towards screening of dandelion honey since dominant compounds identified in the extracts were not previously reported for this honey type. Nitriles dominated in the headspace, particularly 3-methylpentanenitrile (up to 29.9%) and phenylacetonitrile (up to 20.9%). Lower methyl branched aliphatic acids and norisoprenoids were relevant minor constituents of the headspace. The extracts contained phenylacetic acid (up to 24.0%) and dehydrovomifoliol (up to 19.3%) as predominant compounds, while 3-methylpentanenitrile and phenylacetonitrile were detected in the extracts in minor abundance. Dehydrovomifoliol can be considered more characteristic for dandelion honey in distinction from phenylacetic acid. Low molecular aliphatic acids, benzene derivatives and an array of higher aliphatic compounds were also found in the extracts. The results of SPE/GC-FID/MS were very similar to USE/GC-FID/MS with the solvent dichloromethane. The use of all applied methodologies was relevant for the comprehensive chemical fingerprinting of dandelion honey volatiles.
Different methods have been used for screening of volatile organic compounds (VOCs) from honey, among others dynamic and static headspace methodologies, solvent extraction, as well as solid phase extraction [1a-1b] . After gas chromatography and mass spectrometry analysis of the obtained isolates, different VOCs have been identified that can contribute to the botanical origin classification of the honey through finding specific or non-specific chemical markers and typical chemical profiles, particularly when the characteristic pollen content is underrepresented [1b-1d].
Dandelion (Taraxacum officinale Weber) honey is characterized by low percentages of typical pollen grains (usually 5 to 15%) and a relatively high absolute pollen content because of its almost constant contamination e.g. with Salix spp. pollen which is overrepresented [2a] . Its smell and flavor have been described as intense, pungent, ammoniacal and persistent, and its color as cream to yellow, sometimes with greyish hues [2a] . Few studies exist about Taraxacum spp. honey. The major found carbohydrates were: fructose 37.4 g/100 g, glucose 38.0 g/100 g and sucrose 0.4 g/100 g [2a] . Its non-peroxide activity [2b] against Staphylococcus aureus was high (>60% inhibition). Lime and dandelion honeys can be easily discriminated [2c] from the other honey types by static headspace sampling after injection into the SMart Nose (MS-based electronic nose). More detailed headspace qualitative composition was determined [2d,2e] by headspace solid-phase microextraction (HS-SPME). The analysis of flavonoids by HPLC coupled with coulometric electrode array detection (CEAD) revealed galangin, kaempferol, quercetin, isorhamnetin, luteolin and others [2f]. The crystallization of ''Tarassaco" Italian honey was studied [2g] by differential scanning calorimetry (DSC).
In continuation of our on-going research project, the topic of this study is dandelion (T. officinale Weber) honey with emphasis on obtaining novelty data on its headspace, volatile and semi-volatile compounds. New total volatile profiles are expected to be determined primarily by ultrasonic solvent extraction (USE) and solid phase extraction (SPE), followed by gas chromatography and mass spectrometry analysis (GC-FID/MS). The comparison with HS-SPME will allow the finding of similarities/differences with USE and SPE. New data on the headspace composition are also expected since previous studies were focused only on nitriles or on the headspace compounds appearance, but without their percentage distribution.
A typical sample of dandelion honey was characterized by melissopalynological analysis. T. officinale pollen grains were present (13%), with accompanying major pollens of Salix spp. (33%) and Brassicaceae (16%). Other pollens were present in lower abundance: Prunus spp. (7%), Acer spp. (6%), Fabaceae (6%), Quercus spp. (6%), Rhamnus spp. (3%), Ericaceae (2%), Carex spp. (1%), Lamiaceae (1%) and unidentified pollens (6%). In general, Taraxacum spp. honey has been characterized by typical low pollen percentages with almost constant contamination with Salix spp. pollen [2a,3] . Nevertheless, the sensory and physicochemical patterns of dandelion honey have been very characteristic and the honey is easily recognizable [2a,3] .
Hydrodistillation, as the most common method for VOCs isolation, was not selected for the present study due to the known promotion of heat derived artefacts [1a-1b,4] . Therefore, the methods of choice were HS-SPME, USE and SPE, followed by GC-FID/MS. The comparison of applied methodologies for T. officinale honey VOCs chemical profiling revealed significant qualitative and quantitative differences between the headspace and extracts chemical composition ( A -HS-SPME/GC-FID/MS (fiber DVB/CARB/PDMS); B -HS-SPME/GC-FID/MS (fiber PDMS/DVB); * -tentatively identified; ** -correct isomer not identified; --compound not found.
Headspace composition:
In preliminary research, two fibers were selected for dandelion honey headspace screening taking into account the total number of isolated compounds: DVB/CARB/PDMS recommended for flavor compounds, volatiles and semi-volatiles, and PDMS/DVB recommended for low molecular weight compounds. The major dandelion headspace compounds (DVB/CARB/PDMS; PDMS/DVB) were nitriles such as 3-methylpentanenitrile (20.5%; 29.9%) and phenylacetonitrile (19.7%; 20.9%) with minor abundance of 2-methylpropanenitrile, 2-methylbutanenitrile and 3-methylbutanenitrile (Table 1) . Total percentage of nitriles was higher on PDMS/DVB fiber in comparison with DVB/CARB/PDMS fiber. The Taraxacum spp. honey headspace profile has already been characterized [2e] by nitriles (ranging from 0.29 to 2.16 mg/kg). 2-Methylpropanenitrile, 2-methylbutanenitrile, 3-methylbutanenitrile, 2-butenenitrile (undetermined isomer), 3-butenenitrile and 3-methylpentanenitrile were previously identified in dandelion honey [2e]; this is in accordance with our results. Nitriles have also been tentatively found at low concentrations [1b,5a-5c] in the honeys from rape (2methylpropanenitrile), thyme (phenylacetonitrile), rosemary (3methylbutanenitrile and phenylacetonitrile), loquat (several shortchain nitriles) and in Greek cotton honey (neryl and geranyl nitriles). Nitrogen-containing compounds, such as nitriles, thiocyanates and isothiocyanates have been reported as the hydrolysis products of glucosinolates present in Brassicaceae plants [6] . The nectar contribution of Brassicaceae species was proposed as the origin of nitriles in Taraxacum honeys [2d]. Besides nitriles, a higher percentage of 3-hydroxy-4-phenylbutan-2-one (7.9%; 10.3%) was found for the first time in dandelion honey headspace. However, although it may contribute to the honey aroma, the compound is probably not specific for any type of floral honey since it was previously found in the extracts from a range of different honeys [7, 8] . In addition, lower aliphatic acids were found in the headspace (DVB/CARB/PDMS; PDMS/DVB): 3methylbutanoic acid (1.3%; 3.4%), 2-methylbutanoic acid (1.1%; 3.6%) and 3-methylpentanoic acid (3.3%; 10.6%). They were not previously found in dandelion honey headspace [2e] by using polydimethylsiloxane (PDMS) fiber recommended in general for volatile compounds. 3-Methylbutanoic acid and 3-methylpentanoic acid were found in Salix spp. honey headspace [9] with lower percentages (0.7-1.6% and 1.3-4.9%, respectively). A few low molecular norisoprenoids were also present (DVB/CARB/PDMS; PDMS/DVB): α-isophorone (0.0%; 0.9%), 4-ketoisophorone (0.0%; 1.5%) and trans-β-damascenone (7.2%; 1.7%). Only βdamascenone was previously reported in dandelion headspace [2e]. Phenylacetaldehyde (0.8%; 0.5%) and benzaldehyde (8.6%; 1.2%) are ubiquitous honey constituents, and were present as the major or participating headspace constituents of Salix spp. honey [9] .
Volatiles and semi-volatiles composition: Ultrasonic assisted extraction was performed with two solvents: the mixture pentane: Et 2 O (1: 2, v/v; solvent I) and CH 2 Cl 2 (solvent II). The major identified compound in the extracts was phenylacetic acid (shikimic acid derivative), being more abundant in solvent I (24.0%) than in solvent II (18.5%) ( Table 2 ). This is the first report of its high abundance in dandelion honey. The nectar contribution of Salix spp. (determined as major accompanying pollen) could be partially or entirely the source of this acid in dandelion honey. Namely, in Salix spp. nectar honey [9] phenylacetic acid ranged from 3.7% to 18.7% (solvent I), and it was also found in Salix spp. honeydew (14.3%; solvent I [10] ). Lower percentages of biosynthetically related benzoic acid (4.8%; 3.0%) and p-coumaric acid were found in the extracts and were also identified in Salix spp. honey [9] . Traces of methyl syringate and a syringyl derivative from the shikimic acid pathway, could be related to a Brassicaceae origin (other major accompanying pollen), since it was found in Brassica napus L. honey in higher percentages [11] . Methyl syringate was found in Asphodelus microcarpus Salzm. et Viv. honey [12] with highest level (amount > 122.6 mg/kg) and manuka honey (45 mg/kg) [13] . Another major compound (also reported for the first time in dandelion honey) was dehydrovomifoliol (4-hydroxy-3,5,5trimethyl-4-(3-oxo-1-butenyl)-cyclohex-2-en-1-one) being about 2.5 times more abundant in the slightly more polar solvent II (19.3%) than in solvent I (7.5%). Dehydrovomifoliol probably arises through degradation of abscisic acid (the pathway for producing honey norisoprenoids [1c]). However, the degradation pathway was not dominant in Salix spp. honey since only traces of dehydrovomifoliol were found [9] , while abscisic acid (ABA) was identified in Salix spp. nectar honey [14] with a predominance of (Z,E)-ABA (98.2 mg/kg) over (E,E)-ABA (31.7 mg/kg). Therefore, dehydrovomifoliol can be considered more characteristic of dandelion honey. Heather honey contained 56-264 mg/kg of dehydrovomifoliol, whereas the honeys from eight other floral origins contained only 0.033 to 6 mg/kg [15] . The structurally related vomifoliol was present in lower percentages, being also more abundant in solvent II (4.2%) than in solvent I (0.9%). 3-Hydroxy-4-phenylbutan-2-one was identified by USE/GC-FID/MS in both solvents (9.6%; 7.1%). Higher aliphatic alcohols, acids and alkanes (e.g. hexadecan-1-ol, octadecan-1-ol, hexadecanoic acid, (Z)-octadec-9-en-1-ol, (Z)-octadec-9-enoic acid, heneicosane, docosane or tricosane) were also found ( Table 2) , but their origin is probably connected with the combs environment [16] . Identified methyl-branched lower aliphatic acids were 3-methylbutanoic acid (2.0%; 1.8%), 2-methylbutanoic acid (0.8%; 1.7%) and 3methylpentanoic acid (7.9%; 1.7%). Only two nitriles were found: 3-methylpentanenitrile (2.1%; 0.8%) and phenylacetonitrile (1.1%; 0.6%). 5-Aminoindanone was present in both solvents (0.8%; 1.1%) and was identified in Salix spp. honey [9] , also being more abundant in the dichloromethane extract.
The compounds retention from the honey dissolved in water on the SPE cartridge is primarily due to the attractive non-polar forces.
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Natural Product Communications Vol. 10 (2) 2015 359 94.5 C -USE/GC-FID/MS (solvent n-pentane: Et 2 O 1: 2, v/v); D -USE/GC-FID/MS (solvent CH 2 Cl 2 ); E -SPE/GC-FID/MS (solvent dichloromethane); * -tentatively identified; ** -correct isomer not identified; --compound not found. CH 2 Cl 2 was used to elute the adsorbed compounds, after the carbohydrates had been eluted with water. The extract composition obtained by SPE/GC-FID/MS was qualitatively and quantitatively similar to USE/GC-FID/MS (solvent II). The composition similarity was expected since CH 2 Cl 2 was used, although the modes of extraction were different. The major identified compounds were phenylacetic acid (19.1%), dehydrovomifoliol (19.0%) and 3hydroxy-4-phenylbutan-2-one (7.9%). Benzoic acid and vomifoliol were present among the minor constituents. The same lower aliphatic acids were identified as by USE/GC-FID/MS (3methylbutanoic acid, 2-methylbutanoic acid and 3-methylpentanoic acid). 3-Methylpentanenitrile, phenylacetonitrile, as well as 5aminoindanone, were found, as well as higher aliphatic compounds related to the comb-wax composition ( Table 2) .
Comparison of applied methodologies:
Each of the applied methodologies contributed to the characterization of dandelion honey. HS-SPME/GC-FID/MS analysis confirmed the high abundance of nitriles that were either absent in the extracts or present in significantly lower percentages, particularly regarding phenylacetonitrile (ca. 20-30 times lower) and 3methylpentanenitrile (ca. 10-40 times lower). Several compounds were only identified by HS-SPME/GC-FID/MS, such as benzene derivatives (benzaldehyde or phenylacetaldehyde), terpenes (cislinalool oxide, hotrienol or p-menth-1-en-9-al isomers), and norisoprenoids (isophorone or 4-ketoisophorone) ( Table 1) . On the other hand, USE and SPE revealed new compounds that were abundant in dandelion honey, particularly phenylacetic acid and dehydrovomifoliol that were not detected by HS-SPME due to their lower volatility. Among nitriles, only 3-methylpentanenitrile and phenylacetonitrile were found in minor abundance in the extracts. All low-molecular weight fatty acids from the headspace were found by USE and SPE. Benzoic acid, methyl syringate, 5-hydroxymethyfurfural, 3-oxo-α-damascone, several other benzene derivatives and an array of higher aliphatic compounds were only identified by USE and SPE. Only 3-hydroxy-4-phenylbutan-2-one was found in comparable percentages by all applied methods. The results of SPE were similar to those of USE with CH 2 Cl 2 .
In conclusion, the obtained results constitute a breakthrough towards screening of dandelion honey VOCs. Besides nitriles as predominating compounds, lower methyl-branched aliphatic acids and norisoprenoids were found as relevant minor constituents of the headspace. Phenylacetic acid and dehydrovomifoliol dominated the extracts. Dehydrovomifoliol can be considered more characteristic for dandelion honey since it was a minor constituent of Salix spp. (major accompanying pollen) honey in distinction from phenylacetic acid that is abundant in Salix spp. honey. The use of all applied methodologies is crucial for comprehensive chemical fingerprinting of dandelion honey.
Experimental

Solvents and honey sample:
The solvents (distilled prior to the usage), anhydrous Na 2 SO 4 and NaCl were purchased from Kemika (HR-Zagreb). This study was carried out on a representative sample of T. officinale nectar honey collected in Sweden in 2013. Microscopical examination was carried out on a Hundh 500 (D-Wetzlar) light microscope equipped with digital camera (Motic m 1000) and coupled to an image analysis system (Motic images plus software) for morphometry of pollen grains. Identification of the pollen grains was achieved by comparison with the pollen collection and literature data [17] .
Headspace solid-phase microextraction (HS-SPME):
The extraction was performed by the manual SPME fiber covered with polydimethylsiloxane/divinylbenzene (PDMS/DVB), and SPME fiber covered with a layer of divinylbenzene/carboxene/polydimethylsiloxane (DVB/CARB/PDMS) obtained from Supelco Co. (Bellefonte, PA, USA). The fibers were conditioned prior to usage according to the manufacturer instructions. The procedure of HS-SPME was described previously [18] . A total of 5 mL of honey/water solution (1: 1, v/v) was used; the ionic strength was increased using 1 mL saturated aqueous NaCl solution. After sampling, the SPME fiber was withdrawn into the needle, removed from the vial, and inserted into the injector (250°C) of the GC-FID/MS for 6 min for thermal desorption directly to the GC column. Duplicate extractions were performed.
Ultrasonic solvent extraction (USE):
USE was performed in an ultrasonic bath (Transsonic Typ 310/H, Germany) at the frequency of 35 kHz at 25±3°C [18] . Forty g of honey was used for each extraction. Different solvents were applied for USE: pentane/Et 2 O 1: 2, v/v, as solvent I, and CH 2 Cl 2 as solvent II. The obtained ultrasonic solvent extracts were concentrated to 0.2 mL by a Danish-Kuderna apparatus, and 1 μL was used for GC-FID/MS analyses. All extractions were performed in duplicate.
Solid phase extraction (SPE):
The VOCs isolation was performed on a styrene-divinylbenzene cartridge (Lichrolut EN, Merck, 0.5 g of phase), previously conditioned with 10 mL of dichloromethane, 5 mL of methanol and 10 mL of ethanol/distilled water (10%) at a flow rate of 2 mL/min. Ten g of each honey was dissolved in 50 mL of distilled water. The honey solution was passed through the
